The oxygen-tolerant hydrogenase I from Aquifex aeolicus weakly interacts with carbon monoxide: an electrochemical and time-resolved FTIR study.
The [NiFe] hydrogenase (Hase I) involved in the aerobic respiration of the hyperthermophilic bacterium Aquifex aeolicus shows increased oxygen tolerance and thermostability and can form very stable films on pyrolytic graphite electrodes. Oxygen-tolerant enzymes, like the ones from A. aeolicus and Ralstonia eutropha, are reported to be insensitive to CO inhibition. This is in contrast to known and well-characterized (oxygen-sensitive) hydrogenases, for which carbon monoxide is a competitive inhibitor. In this study, the interaction of Hase I from A. aeolicus with CO is examined using in situ infrared electrochemistry and time-resolved FTIR spectroscopy. We could observe the formation of a CO adduct state, a finding that set the grounds to investigate the affinity of an O(2)-tolerant enzyme for binding CO as well as the reversibility of this process. In the case of A. aeolicus, this extrinsic CO is shown to be weakly attached and the adduct state is light-sensitive at low temperatures. The energetic parameters for the rebinding of CO at the active site were estimated from the rate constants of this process after photolysis and the results compared to those obtained for standard hydrogenases. Formation of a weak Ni-CO bond in the active site of Hase I most likely results from the different interaction of this enzyme with inhibitors and/or different active site electronic properties to which non standard amino acid residues in the vicinity of the active site might contribute.